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Streszczenie
Celem pracy jest przedstawienie efektów monitorowania cyto-
immunologicznego i jego roli w pooperacyjnym leczeniu pa-
cjenta po przeszczepie serca.
Materiał i metody: W latach 2002–2009 w szpitalu Wojskowej 
Akademii Medycznej w Gulhane u 8 pacjentów, w tym 7 męż-
czyzn, dokonano przeszczepu serca. Średni wiek pacjentów 
wynosił 43 ± 12 lat. Serca dawców wszczepiono u wszystkich 
pacjentów ortotopowo. Następnie poddano ich monitorowa-
niu cytoimmunologicznemu i biopsji serca (EMB). U wszystkich 
pacjentów wykonano łącznie 431 laboratoryjnych badań krwi 
celem przeanalizowania profili cytoimmunologicznych oraz roz
poznania możliwej infekcji lub odrzucenia przeszczepu.
Wyniki: Pełny i średni okres kontroli pooperacyjnej wynosił, 
odpowiednio, 17,5 pacjentolat, 30 ± 36 miesięcy (1–120 mie-
sięcy). Pierwszy pacjent miał dwa incydenty odrzuceniowe 
w ciągu 3 miesięcy. U trzeciego pacjenta stwierdzono infekcję 
wirusową – zanotowano u niego skurcze mięśni w obu dol-
nych kończynach, a proporcja CD4/CD8 wynosiła poniżej 0,4.  
U czwartego pacjenta stosunek CD4/CD8 wzrósł nagle i roz-
poznano infekcję układu moczowego. We wczesnym okresie 
pooperacyjnym (mniej niż 30 dni) zmarł tylko jeden pacjent. 
Czterech kolejnych zmarło z powodu infekcji lub pogorszenia 
hemodynamicznego w ciągu 3 miesięcy.
Wnioski: Monitorowanie cytoimmunologiczne jest łatwą do 
przeprowadzenia i efektywną techniką oceny immunologicz-
nego profilu pacjenta. Może ono stanowić uzupełniający test 
laboratoryjny i przyczynić się do zmniejszenia liczby biopsji 
serca. 
Słowa kluczowe: transplantacja serca, monitorowanie cytoim-
munologiczne.
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Abstract
The aim of the study is to show the effects of cytoimmunolo-
gical monitoring and its role in the patient’s follow-up period 
after heart transplantation.
Material and methods: Between 2002 and 2009, 8 patients 
underwent heart transplantation at Gulhane Military Medical 
Academy Hospital. Seven patients were male. The average age 
was 43 ± 12 years. Donor hearts were implanted orthotopically 
in all patients. The patients were then subjected to cytoim-
munological monitoring and endomyocardial biopsy. 431 labo-
ratory blood tests were carried out for all patients to analyze 
their cytoimmunological profiles and diagnose a possible in-
fection or rejection. 
Results: The total and average follow-up periods were 17.5 pa-
tient years and 30 ± 36 months (1-120 months), respectively.  
The first patient had two rejection episodes in 3 months. 
A viral infection was diagnosed in the third patient, who had 
painful muscle spasms in both lower limbs and the CD4/CD8 
ratio was below 0.4. In the fourth patient, the CD4/CD8 ra-
tio suddenly increased and a urinary infection was diagnosed. 
Only one patient passed away in the early period (less than  
30 days). Four patients died because of an infection or hemo-
dynamic deterioration within three months.
Conclusions: Cytoimmunological monitoring is a simple and 
effective technique of evaluating the patient’s immunological 
profile. It may provide an adjunctive laboratory test and may 
decrease the number of endomyocardial biopsies.
Key words: heart transplantation, cytoimmunologic monitoring.
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Introduction
Christian Bernard performed the first human heart trans-

plantation to a 54yearold man who suffered from end
stage heart failure. The patient died from pseudomonas 
pneumonia 18 days after the operation [1]. This case exposed  

the risk of rejection and opportunistic infections following 
a heart transplantation. Consequently, it was proposed that 
mortality and morbidity after a heart transplantation is cau-
sed mainly by those two factors. Endomyocardial biopsy 
(EMB) is the most sensitive method for an early diagnosis 
of rejection [2]. It is still commonly used for the follow-up of 
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patients around the world. EMB is an invasive method and 
may prove ineffective in gathering information about the 
transplanted heart. Moreover, EMB does not provide enough 
data on infection in heart-transplanted patients.

As an alternative to EMB, new ideas for using non-in-
vasive diagnostic methods to follow the transplanted pa-
tient have emerged in the last years [2-5]. Cytoimmunolo-
gical monitoring (CIM), which explains the immunological 
response of the body to the transplanted heart, gives im-
portant clues about the rejection. This method, developed 
by Hammer and colleagues in 1984, involves phenotyping 
the lymphocytes according to their surface antigens by 
treating them with monoclonal antibodies [5]. It has been 
suggested that CIM can decrease the EMB frequency and is 
sensitive enough to diagnose acute rejection or infection. 
According to research, CIM is sensitive to histopathological 
changes in the transplant, easy, non-invasive, and can be 
successfully used as an alternative to EMB [58]. Specifi-
cally, CIM can provide information about the rejection or 
infection, and guide the transplant team to use more in-
vasive methods for a more definitive diagnosis. CIM may 
also provide information about the dosage of immune-sup-
pressive therapy [4-13]. In this study, we aim to present our 
findings and updated data about CIM, which is one of the 
most interesting noninvasive techniques used to provide 
important information about the patient’s immunological 
status after a heart transplantation. 

Material and methods
Eight heart transplantations were carried out in our 

department between 2002 and 2009. Seven patients were 
male and the average age of patients was 43 ± 12 years. 
Donor hearts were implanted orthotopically in all patients. 

Preoperative follow-up
All patients were hospitalized in order to assess their 

basal levels and data. Blood samples were taken from pa-
tients at clinical controls (every month) and immediately 
after the operation, and all major blood parameters were 
evaluated.

Cytoimmunological follow-up
Beginning on day 2 after the surgery, every other day 

during the 1st month, three times a week during the 2nd 
month, twice a week during the 3rd month, and once a week 
between the 3rd and 6th month, blood samples were drawn 
from a peripheral vein in sterile condition to tubes with 
EDTA. After processing in the immunological laboratory, 
lymphocytes were divided into subgroups, such as non-ac-
tivated lymphocytes, plasmocytes, lymphoblasts, activated 
lymphocytes, and large granular lymphocytes. 

Evaluation of cytoimmunological 
monitoring and rejection criteria
Lymphocyte antigens investigated by monoclonal an-

tibodies were obtained to show the heart recipient’s im-

munological panel. These parameters include CD3 (total 
lymphocyte amount), CD4 (helper T lymphocytes), CD8 (cy-
totoxic and suppressor T lymphocytes), CD19/20 (mature  
B cells), CD25 (interleukin-2 receptor antigen), CD45 (all 
leucocytes), CD16/56 (natural killer cell), CD54 (adhesion 
molecule), and CD57 (activated T cells). All these receptors 
are vital to understand the recipient’s immunological re-
sponse after the transplantation [8-10]. 

The aim of the immunosuppressive treatment is to 
reduce the number of lymphocytes and to suppress the 
specific immune response. For this reason, the number of 
lymphocytes in the peripheral blood smear is important. 
An activated T-lymphocyte count of more than 5% is ge-
nerally associated with rejection, but an increased ratio of 
lymphocyte/PMNL, and thus an increase in the lymphocyte 
amount or borderline peripheral blood smear by more than 
40% was for us an indication of rejection. An increased ac-
tivated lymphocyte count of more than 5%, CD25 of more 
than 10%, CD57 of more than 20% was viewed by us as an 
indication of acute rejection. A ratio of CD4/CD8 of more 
than 1.2 and more than 14% of NK cells was considered 
by us as an acute bacterial infection, while a ratio of CD4/
CD8 of less than 0.4 or a large granular lymphocyte amount 
of more than 15% was considered by us as an acute viral 
infection [4-16].

Postoperative follow-up and treatment
Patients underwent a classical immunosuppressive 

treatment, involving the administration of cyclosporine  
(5-10 mg/kg per day), corticosteroid (1 mg/kg per day), and 
azathioprine (2-4 mg/kg per day). None of the patients re-
quired a polyclonal or monoclonal antithymocyte drug to 
be administered for immunosuppressive induction preope-
ratively. In acute rejection, initially, a high-dose treatment 
with methylprednisolone (1 g per day) was administered 
via a peripheral vein for 3 days. If it was unsuccessful, an-
tithymocyte globulin (1.5 mg/kg for 7-14 days) was admi-
nistered. 

Results
The total follow-up time was 17.5 patient years, while the 

average follow-up time was 30 ± 36 months (1-120 months). 
Donor hearts were implanted in all patients orthotopically. 
Only one patient passed away because of hemodynamic 
deterioration in the early period (less than 30 days). Three 
patients died within the second month. All other patients 
were alive in the first year. The treatment team using CIM, 
in addition to their clinical findings, continues their perio-
dical laboratory follow-up. 431 laboratory blood tests have 
been carried out for all patients. Significant rejection clues 
were noted with CIM in one patient. Steroid treatment was 
initiated after the rejection criteria were met by CIM. EMB 
was performed after the initial steroid treatment in order 
to evaluate the effects of the treatment and to assess the 
type of possible rejection. No sign of rejection was present 
in the transplanted heart on EMB; the subsequent CIM re-
sults were insignificant as well. The patient was alive in 
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his third postoperative year and had no cardiac problems 
within this period. There were no signs of rejection in the 
third heart transplant patient during the first month, but 
later an acute viral infection was suspected because of 
painful muscle spasms especially in the lower extremities, 
accompanied by a decrease of the CD4/CD8 ratio. Additio-
nally, a very high value of anti-HCV Tip-I IgM was indicated 
in antibody titration tests. Gancyclovir treatment (5 mg/kg 
per day) was prescribed to the patient and the low Mg level 
was improved, while the symptoms subsided entirely by 
the end of the second month. The patient was in his se-
cond postoperative year and he had an active lifestyle. The  
fourth patient had no signs of rejection, but he showed si-
gns of an infection on the 40th postoperative day. The CD4/
CD8 ratio was high and we considered it as an indication of 
an acute bacterial infection. The patient was diagnosed with 
a urinary tract infection and later he died because of sepsis. 
Other patients did not show signs of infection or rejection.

Discussion
A heart transplantation is the last treatment option for 

end-stage heart failure when medical or surgical treatment 
fails. It has a high cost and is often followed by various 
early and late complications (rejection and infection). In 
the 1970s, heart transplantations became less frequent be-
cause of the associated high mortality rate. However, the 
ongoing immunological research contributed to restarting 
heart transplantations on a larger scale. A critical landmark 
for performing heart transplantations was the introduc-
tion of cyclosporine as an immunosuppressive agent [13].  
The most risky period of infection and rejection for heart 
transplant recipients is the first 6 months after the ope-
ration [3-11]. For the early diagnosis of rejection in post-
transplant patients, EMB is considered the most sensitive 
method, and it still remains the gold standard. However, 
EMB is an invasive method, which is used in patients re-
ceiving immunosuppressive drug therapy at the same time 
and whose susceptibility to infections is at a higher level. 
Moreover, mechanical complications resulting from this 
invasive procedure and the requirement of hospitalization 
in order to perform catheterization add to its weak points. 
Also it requires serious teamwork and involves the neces-
sity to obtain a specimen from the appropriate zone of the 
transplanted heart for an optimal result.

Acute rejection is responsible for 25% of deaths after 
heart transplantation [2]. Besides EMB, some non-invasive 
diagnostic methods (MRI, CT, ECG, echocardiography, CIM) 
have been developed in order to diagnose and treat the 
rejection before heart failure symptoms become apparent. 
Unfortunately, none of these methods can provide an alter-
native to EMB in terms of accuracy [3-5]. The latest deve-
lopments in techniques used for the evaluation of immu-
nological response in vitro have encouraged many studies 
into CIM, which reflects the body’s immunological response 
to the transplanted heart [3-9]. For that reason, it has been 
used more extensively in recent years in the early diagnosis 
of rejection [15, 16].

The specific immune response to the transplanted  
heart is mediated by T-lymphocytes and there is a marked 
increase in the amount of leucocytes, lymphocytes, lym-
phoblasts and prolymphoblasts in acute rejection [17, 18]. 
Although the immunological pathophysiology of acute re-
jection is not well known, the inflammatory process, which 
is mediated by cellular immunity, is thought to be respon-
sible [17-22]. Lymphocyte activation without rejection can 
occur in some clinical situations (especially infections) and 
can also activate lymphocytes [18]. For that reason, the 
differentiation between an infection and a rejection poses 
a serious problem in patients who are subjected to CIM in 
the follow-up period. Therefore, CIM seems to be helpful 
in a two-fold way: it helps to indicate a rejection and to 
differentiate a rejection from an infection. It is generally 
accepted that CIM is sensitive enough to detect a rejection 
and may reduce the frequency of EMBs. 

The immunosuppressive agents used in transplant 
recipients will suppress cellular immunity and will make 
changes in the immunological system. The effectiveness of 
these drugs is generally controlled from their plasma levels. 
Yet, following the lymphocyte activation with CIM might 
also provide reliable information. According to the latest 
literature, CIM, which is simple, useful, non-invasive and 
sensitive to histopathological changes, is now more exten-
sively used as an alternative to EMB [24]. If, however, a re-
jection is suspected, EMB is indispensable in determining 
the severity of rejection [2]. 

We followed all patients’ rejection process clinically  
with CIM, but we still preferred to use EMB to diagnose rejec-
tion in suspected patients. We do believe, however, that if 
CIM results are evaluated together with the patient’s symp-
toms, clinical findings, ECG and echocardiogram results, 
they can provide valuable clues about the rejection [3-5]. 

The CD4/CD8 ratio obtained by CIM is important in 
differentiating an infection from a rejection. It has a sen-
sitivity level of 85100%, a specificity level of 9094%, and 
a positive predictive value of 85.7%. The CD4/CD8 ratio of 
1.5, the level of blast cells at 70% and the active lymphocyte 
value of > 20% are important determinants for a rejection 
[15-24]. In viral infections, this ratio becomes 1 (and in some 
cases < 0.1) and the amount of large granular lymphocytes 
increases greatly. For patients treated with prednisolone 
and cyclosporine, a sudden decrease in the CD4/CD8 ratio 
resembles that of viral infections, in which the etiology is 
generally CMV or EBV [20-26].

There is a relationship between infections and rejec-
tions in the first 5 weeks after cardiac transplantation: the 
CD4/IL2 ratio, and the sensitivity and specificity of this ra-
tio were calculated as 79% and 97%, respectively. In normal 
situations, IL-2 is not secreted when T-lymphocytes are not 
activated, because it is only secreted from the activated 
Tlymphocytes. CIM gives significant clues if the number 
of T helper cells that have the IL-2 receptor is 20% above 
the total T cell count and their absolute count is more than 
120 cells/ml [22, 23]. The assessment of active T-lympho-
cytes gives important information about the rejection. In 
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the rejection period, active lymphocyte’s cytosol becomes 
basophilic and changes to a blast cell. The diagnosis of lym-
phocyte activation can be reached by the ratio of activated 
lymphocytes to non-activated lymphocytes. A value over 
5% is significant for a rejection and it is determined that 
the lymphocyte activation, histologically, has the same fin-
dings as myocyte necrosis in the transplanted heart. When 
5% of activated lymphocytes are present, CIM’s sensitivity 
and specificity are at the level of 2995% and 7397%, re-
spectively [22-26]. In our clinical cases, we aimed to esta-
blish the diagnosis with clinical, electrocardiographic and 
echocardiographic findings, if CIM results made us con-
sider a rejection. Whenever we suspected a rejection, we 
started the steroid attack treatment, followed by admini-
stering antibiotics after the etiologic identification by an-
tibody titration. 

In recent years, studies on CIM have focused mainly on 
establishing the rejection criteria. There is no evidence for 
a relationship between CIM and chronic rejection, when 
CIM yields effective information about an acute rejection. 
The confidence of CIM after a heart transplantation decre-
ases with time.

Consequently, despite our small number of cases (431 
samples were evaluated), we think that CIM – if used with 
other noninvasive methods in the first 36 months after 
surgery – is a useful method that increases the patient’s 
comfort, may decrease the EMB frequency, and helps to de-
termine the doses of immunosuppressive drugs in patients 
who are already subjected to a high-dose immunosuppres-
sive treatment and are, therefore, at risk of developing in-
fections.
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